We examined the effects of pre-germinated brown rice on hypertension and biochemical analysis of blood in spontaneously hypertensive rats (SHRs) fed a diet including 40% pre-germinated brown rice. A significant antihypertensive effect (p < 0.01) was found from day 10 of food intake, compared to controls. At completion of the test period (8 weeks), SBP in the control and test groups were 207.4 ± 5.3 and 151.6 ± 4.5 mmHg, respectively, showing a significant (p < 0.001) and strong antihypertensive effect of pregerminated brown rice. The cholesterol levels in the control and test groups were 45.3 ± 5.4 and 37.5 ± 3.9 mg/dL, respectively, which also showed a significant difference (p < 0.01). Taken together, pre-germinated brown rice has an antihypertensive effect and decreases serum cholesterol in SHRs. These effects may be due to complex actions of various components abundantly found in the rice, including γ-aminobutyric acid, dietary fiber, phytic acid and ferulic acid.
Introduction
The 2004 Guidelines for Treatment of Hypertension prepared by the Japanese Society of Hypertension defined hypertension as a condition with systolic blood pressure (SBP) of ≥ 140 mmHg or diastolic blood pressure (DBP) of ≥ 90 mmHg. In the 5th Baseline Survey of Circulatory Diseases performed by the Ministry of Health, Labor and Welfare in 2000, a total of 38.1 million patients aged ≥ 30 years old, including 20.7 million males (51.7%) and 17.4 million females (39.7%), were categorized as having hypertension. The incidence of hypertension increases with age and its general prevalence has been increasing in Japan in the last 30 years with the westernization of dietary habits and aging of society. Thus, prevention and treatment of hypertension are extremely important tasks.
Hypertension can be treated using drug or non-drug therapy. Antihypertensive drugs are effective, but can have side effects that reduce quality of life (QOL). Therefore, non-drug therapy through improvement of lifestyle, based on appropriate diet and exercise, and smoking cessation, is customary and has been reported to be effective (The Joint National Committee, 1997) .
Prevention of hypertension requires improvement in dietary habits, with decreased intake of salt, alcohol, cholesterol and saturated fatty acids, and increased intake of vegetables and fruits. In addition, natural substances that improve biological function are likely to be useful. In recent years, peptides that inhibit angiotensin I-converting enzyme (ACE), which is important in adjustment of blood pressure (Kawamura, 2006) , and substances derived from dried bonito flakes (Yokoyama et al., 1992) , tuna (Kohama et al., 1988) , casein (Maruyama et al., 1985) , lactic acid (Nakamura et al., 1995) , egg yolk (Kaneda et al., 2006) , laver (Saito and Ogino, 2005) , sake and sake cake (Saito et al., 1994) , and royal jelly (Tokunaga et al., 2004) have been examined and some have been commercialized as functional foods. For the prevention and treatment of hypertension, it is desirable that such products are available for regular intake in daily life at a low cost.
Given this background, we have focused on pre-germinated brown rice (PGBR) as it has attracted attention as a beneficial food in the Japanese diet. White rice is of lower nutritional value due to lack of bran and germ constituents; whereas brown rice is hard and thus has problems with texture and slow digestion. However, PGBR is soft and can be digested quickly. This type of rice also contains high levels of ferulic acid, inositol, dietary fiber, calcium, potassium and magnesium, as well as its most characteristic component, γ-aminobutyric acid (GABA) (Saikusa et al., 1994; Ohisa et al., 2003) . GABA, which is widely found in nature, is an important inhibitory neurotransmitter in the brain and medulla of higher animals. Stanton et al. (1963) showed that GABA significantly decreases blood pressure in mammals. Tsuji et al. (1992) showed that intake of red yeast rice can decrease blood pressure due to its GABA content, and antihypertensive effects have been shown for many foods that contain GABA, including Gabaron tea (Omori et al., 1987; Hayashi et al., 2000) , green tea (Abe et al., 1995) , chlorella , Agaricus Blazei Murrill (Watanabe et al., 2002) , pumpkin (Uzawa et al., 2002) , soybeans (Aoki et al., 2003) , and Pretio (Hayakawa, 2006) .
In this study, we examined the long-term antihypertensive effects of the PGBR diet on 7-week-old spontaneously hypertensive rats (SHRs).
Materials and Methods
Preparation of the test food PGBR (Fancl Corp.) was prepared by washing and warming Koshihikari brown rice produced in Kagawa Prefecture, Japan, at a specific temperature for a defined period of time, until a bulge of 0.5-2.0 mm developed in the germ or a raised portion or budlet was observed. Germination was then terminated and the water content was decreased from about 35% to 15% by drying. To prepare the PGBR diets, powdered PGBR was mixed with commercial solid AIN-93G food (Oriental Yeast Co. Ltd., Japan) to give a mixture containing 40% PGBR. This food was solidified with water and α-cornstarch (Oriental Yeast Co. Ltd., Japan) and then dried for use as the PGBR diet. A control diet including 40% cornstarch was also prepared. The control and PGBR diets are shown in Table 1 and the nutrient content of 100 g of PGBR is given in Table 2 . The amount of energy per 100 g was 344 kcal and 354 kcal in the control and PGBR diets, respectively.
Test animals For this study, 5-week-old male SHRs (NCrj) (average weight: 79.1 ± 4.2 g, average SBP: 133.1 ± 5.4 mmHg) were purchased from Charles River Laboratories Japan, Inc. After a 10-day acclimatization period with access to commercial solid food (AIN-93G) and free intake of water, the animals were divided into two groups (each n=8) with similar mean weights and blood pressures. Each group was fed either the PGBR or control diet for 8 weeks starting from 7 weeks of age. All animals had free access to water. Each rat was housed in a stainless-steel cage with a 12-h lightdark cycle (lights on: 7:00-19:00), room temperature of 22 ± 0℃, and humidity of 46 ± 4%. This study was performed in accordance with the Guidelines for Breeding and Storage of Test Animals, notification No. 6, announced by the Office of the Prime Minister in March 1980 March (partially revised in 2002 .
Measurements of food intake, weight, blood pressure and heart rate Food intake and body weight were measured daily, and blood pressure and heart rate were measured at least once per week. For measurement of blood pressure, the SHRs were warmed for 4 min in a heated cage at 40℃, and then SBP and DBP of the tail artery were measured at 37℃ using a non-invasive tail-cuff system (BP-98A, Softron Inc.). Heart rate was measured simultaneously with blood pressure. The average of 5 measurements was used as the value for each animal.
Blood sampling and measurement of organ weight Blood sampling was performed from the tail vein after overnight fasting before the test period (6 weeks old) and in the period in which a significant difference in SBP was found between the PGBR and control groups (10 weeks old). At the end of the test period, blood was collected from the aorta abdominalis under ether anesthesia after overnight fasting. The blood samples were centrifuged at 5,000 rpm and 5℃ for 10 min to obtain serum and plasma. The serum was immediately stored at -80℃ until use. The heart, liver, kidney, lungs, spleen, pancreas, thymus, stomach, and perirenal fat and epididymal fat were removed and the wet weight was measured.
Serum biochemistry and quantitative determination of plasma GABA Total cholesterol, calcium, urea nitrogen, and neutral fat in serum were determined using Spotchem II (Arkray Factory, Inc.). Total cholesterol, high-and lowdensity lipoprotein cholesterol, very low density lipoprotein, chylomicron cholesterol in serum, and GABA in plasma were quantified by SRL Inc. The arterial sclerosis index was calculated using the formula: (HDL-Cho ( LDL-Cho) / HDL-Cho.
Statistical analysis Data for individual animals are expressed as means ± standard deviation. Statistical analysis was performed in Excel 2006 using one-way analysis of variance, with significant differences between the two groups examined with the Fisher PLSD multiple comparison method. A p value < 5% was considered to indicate a significant difference.
Results
Time course of body weight and food intake Changes in body weight over 10 weeks, including the acclimatization period, are shown in Fig. 1 . The body weights at the start of the test were 111.7 ± 6.3 and 113.8 ± 9.1 g in the PGBR and control groups, respectively. Initially, a standard increase in body weight occurred for both groups, with no significant difference between the groups. However, the body weight of rats in the PGBR group was lower than that in the control group from 1 month after the start of the test period and the body weight in the PGBR group at the end of the test period was about 3% lower than that in the control group.
The initial intake increased relative to the increase of weight, as shown by the values of 15.8 ± 1.6 and 15.4 ± 1.0 g in 6-week-old rats and 19.0 ± 1.1 and 19.4 ± 1.9 g in 9-weekold rats in the PGBR and control groups, respectively. Subsequently, almost stable food intake was maintained. The total food intake during the test period was 6607.6 g (18.4 g/rat/day) and 6669.7 g (18.5 g/rat/day) in the control and PGBR groups, respectively, with no significant difference between the groups. These data show that each rat in the PGBR group ate 7.35 g of PGBR powder per day, which converts to 1.0-1.47 mg of GABA.
Antihypertensive effect of PGBR in SHRs Changes in blood pressure in animals over time are shown in Fig. 2 . On day 10, the SBP in the PGBR group was significantly lower than that in the control group (163.5 ± 8.1 vs. 173.5 ± 3.9 mmHg, p < 0.01). By the end of the test period, SBP in the control group had increased to 207.4 ± 5.3 mmHg, whereas that in the PGBR group remained low at 151.6 ± 4.5 mmHg; the difference between the groups was significant (p < 0.001), thus showing an antihypertensive effect of PGBR. A similar trend was observed for DBP, which was significantly lower in the PGBR group compared to the control group on day 14 (132.0 ± 6.3 vs. 147.4 ± 6.4 mmHg, p < 0.01) and at completion of the test period (128.6 ± 7.7 vs. 166.1 ± 4.5 mmHg). The difference of 37.5 mmHg in DBP at the end of the test period also supports an antihypertensive effect of PGBR on SHRs.
Effect of PGBR on organ weight in SHRs After comple- tion of the test period, rats were sacrificed and organ weights were measured. The average wet weights of each organ per unit weight (g/kg) are shown in Table 3 . The weight of the liver was significantly lower in the PGBR group than in the control group (22.5 ± 0.4 vs. 23.4 ± 1.3 g/kg, p < 0.05).
There were no other significant differences in the organ weights between the two groups, although the weights of perirenal fat and epididymal fat in the PGBR group (14.5 ± 2.9 g and 11.9 ± 1.5 g, respectively) tended to be lower than those in the control group (15.7 ± 2.8 g and 12.8 ± 2.1 g, respectively).
Effect of PGBR on serum biochemistry and plasma GABA in SHRs The levels of serum components and GABA in plasma at the end of the test period are shown in Table 4 . The T-Cho and HDL-Cho levels in the PGBR group were significantly lower than those in the control group (37.5 ± 3.9 vs. 45.3 ± 5.4 mg/dL, p < 0.01; and 34.1 ± 3.8 vs. 41.3 ± 5.8 mg/dL, p < 0.05; respectively). There were no significant differences for other serum components, and GABA in plasma did not differ significantly between the control and PGBR groups.
Discussion
GABA is an amino acid widely found in nature. Since its initial discovery in the mammalian brain by Roberts et al. in 1950 , GABA has been recognized as an important inhibitory neurotransmitter in the central nervous system. GABA is biosynthesized by α-decarboxylation of l-glutamic acid by glutamate decarboxylase. A large amount of GABA is present in PGBR (15-20 mg/100 g) compared with other plants, with a content that is 15-20 times higher than that in white rice and 2-3 times that in brown rice. This is of interest, since foods and supplements containing GABA have activities that include mood stabilization (Okada et al., 2000) , antihypertensive action (Tsuchida et al., 2003; Matsubara et al., 2002) , antiobesity (Sugita et al., 2004) , and activation of kidney and liver functions (Takeuchi et al., 2004) .
The current study showed that SBP was significantly lower from day 10 until the end of the test period in SHRs fed a diet containing PGBR. The difference in SBP of 56 mmHg between these rats and control animals at the end of the test period suggests a strong antihypertensive effect of PGBR. Decreased blood pressure due to GABA action has been reported for various foods enriched in GABA or with a high GABA content. found that blood pressure decreased by 20 mmHg, compared to the control group, in SHRs that received GABA-enriched chlorella (GABA: 33 mg/100 g) and Watanabe et al. (2002) found a decrease in blood pressure of 40 mmHg when Agaricus Blazei Murrill containing GABA (54 mg/100 g) was given to SHRs. In the current study, the test food included GABA at 6-8 mg/100 g and the daily GABA intake was 1.0-1.47 mg. This intake level is smaller than that in these previous studies (Nakamura et al., Watanabe et al., 2002) , but the decrease in blood pressure was as large as 50 mmHg, which suggests that PGBR may contain other antihypertensive components. However, the blood pressure of WKY/NCrlCrlj rats, which are often used as controls for SHRs, is normally 130-140 mmHg (Tajima, 1972) , and the SBP of SHRs that received PGBR was maintained at about 150 mmHg, indicating that the antihypertensive effect was not excessive.
In addition to GABA, PGBR contains dietary fiber, which may also have antihypertensive action. A large-scale follow-up survey in the United States (Alberto et al., 1992) indicated that dietary fiber, potassium and magnesium were negatively correlated with blood pressure, and thus that they were inhibitors of a blood pressure increase. In this study, as the dietary fiber in the test group (6.28 g/100 g of solid food) was 1.25 times higher than that in the diet of the control group (5 g), this difference may have had an impact on the antihypertensive effect. In addition, Tsuji et al. (1988 Tsuji et al. ( , 1993 found that acid complex carbohydrates and phytic acid with carboxyl groups are correlated with the promotion of sodium ion excretion in feces and an antihypertensive effect in SHRs. Ardiansyah et al. (2008) reported the effects of a single oral administration of ferulic acid (9.5 mg/kg body weight) on blood pressure in stroke-prone SHRs. The maximum reduction in blood pressure was approximately 34 mmHg after 2 h of administration, compared to the control group. In this study, the test food included ferulic acid at 10 mg/100 g and the daily ferulic acid intake was 1.84 mg (approximately 8.8 mg/kg body weight). These results suggest that ferulic acid can act to improve hypertension.
Collectively, the data from previous studies and the results of this study suggest that the complex effects of GABA, dietary fiber, ferulic acid and other components in PGBR may combine to produce a higher antihypertensive effect.
Food intake per day was 18.4 and 18.5 g in the control and PGBR groups, respectively, with no significant difference between groups. However, the weight increase in the PGBR group was slightly inhibited compared to the control group from 1 month after the start of the test period, and body weight was about 3% lower in the PGBR group (although the difference was not significant). Serum biochemical tests showed that T-Cho was significantly lower in the PGBR group, and the weights of adipose tissues around the testicles and the kidney were about 8% lower in the PGBR group, although when compared with the control group this difference was not significant. Miura et al. (2006) found that intake of PGBR increased the activity of cholesterol 7α hydroxylase and the levels of cholesterol metabolites. Based on this, it is possible that the effects of various components in PGBR may have caused a decrease in serum cholesterol.
The results of the study show that PGBR has a high antihypertensive effect and decreases the serum cholesterol level in young SHRs when ingested orally for a long period. Many foods with antihypertensive components have been reported, but the majority has difficulty maintaining an antihypertensive effect due to limitations in their allowable daily intake as well as their high cost. However, rice is the principal food in Japan and PGBR can be eaten as part of a natural diet. We believe that this is very important for health promotion as part of a review of traditional Japanese food.
